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The  slopeVjof  the  high-velocity  channel  were  initially  adjusted  to  pro¬ 
duce  an  energy  gradient  resulting  from  a  Manning's  n  roughness  factor  of 
0.015  in  the  prototype.  Satisfactory  flow  conditions  were  observed  in  the 
high-velocity  channel  from  the  transition  just  downstream  of  the  weir  to  the 
bridge  transition  at  Cane  Haul  Road.  However,  flow  conditions  from  Cane  Haul 
Road  Bridge  to  the  downstream  end  of  the  channel  were  unsatisfactory  due  to 
the  bridge  transition  design.  This  wedge-type  transition  design  caused  cross 
waves  to  develop  in  the  transition  and  trapezoidal  channel  downstream.  A 
warped-surface  transition  design  with  a  60-ft  width  significantly  reduced  the 
cross  waves  in  the  transition  which  provided  satisfactory  flow  conditions 
throughout  the  transitions  and  trapezoidal  channel. 

The  slopes  of  the  high-velocity  channel  were  adjusted  to  reproduce  the 
energy  gradient  resulting  from  a  Manning's  n  roughness  factor  of  0.013  in  the 
prototype.  An  increase  in  surface  waves  in  some  areas  of  the  channel  was  indi¬ 
cated  when  compared  with  those  measured  with  a  channel  slope  simulating  a 
Manning's  roughness  value  of  0.015,  but  flow  conditions  were  still  satisfactory 
throughout  the  proposed  high-velocity  channel. 

Additional  roughness  placed  on  the  channel  invert  downstream  from  Front 
Street  Bridge  for  aesthetic  purposes  increased  water-surface  elevations  that 
exceeded  proposed  wall  heights  between  Front  Street  Bridge  and  the  end  of  the 
trapezoidal  channel.  Raising  the  elevation  of  the  left  slope  and  placing  a 
vertical  wall  on  the  right  slope  contained  the  increased  water-surface  eleva¬ 
tion,  thus  providing  adequate  protection  for  this  reach  of  channel. 

During  a  Standard  Project  Flood  hydrograph,  a  large  scour  hole  developed 
in  the  offshore  area  just  downstream  of  the  high-velocity  channel  and  a  con¬ 
siderable  amount  of  deposition  occurred  between  the  two  rock  groins.  Extend¬ 
ing  the  trapezoidal  channel  and  placing  a  boulder  concrete  section  immediately 
downstream  of  the  channel  minimized  the  scour  and  deposition  that  occurred  in 
the  offshore  area. 
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PREFACE 


The  model  investigation  reported  herein  was  authorized  by  the 
Office,  Chief  of  Engineers  (OCE),  U.  S.  Army,  on  29  June  1979,  at  the 
request  of  the  U.  S.  Army  Engineer  Division,  Pacific  Ocean  (POD).  The 
studies  were  conducted  by  personnel  of  the  Hydraulics  Laboratory, 

U.  S.  Army  Engineer  Waterways  Experiment  Station  (WES),  during  the 
period  April  1980  to  August  1981.  All  studies  were  conducted  under  the 
direction  of  Messrs.  H.  B.  Simmons,  Chief  of  the  Hydraulics  Laboratory, 
and  J.  L.  Grace,  Jr.,  Chief  of  the  Hydraulic  Structures  Division.  The 
tests  were  conducted  by  Messrs.  J.  F.  George,  J.  H.  Riley,  C.  L.  Dent, 
and  T.  E.  Murphy,  Jr. ,  under  the  supervision  of  Mr.  G.  A.  Pickering, 
Chief  of  the  Locks  and  Conduits  Branch.  This  report  was  prepared  by 
Mr.  George. 

Messrs.  S.  B.  Powell  and  T.  Munsey  of  OCE,  C.  Lee  and  K.  Keller  of 
POD,  and  R.  Hayashi  and  F.  Araki  from  the  County  of  Maui  visited  WES 
during  the  study  to  discuss  test  results  and  to  correlate  these  results 
with  concurrent  design  work. 

Commanders  and  Directors  of  WES  during  the  testing  program  and 
the  preparation  and  publication  of  this  report  were  COL  Nelson  P.  Con¬ 
over,  CE,  and  COL  Tilford  C.  Creel,  CE.  Technical  Director  was 
Mr.  F.  R.  Brown. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO  METRIC  (SI) 
UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  in  this  report  can  be  con¬ 
verted  to  metric  (SI)  units  as  follows: 

_ Multiply _  By _  _ To  Obtain 


cubic  feet  per  second  0. 
cubic  yards  0 . 
feet  0 . 
feet  per  mile  0. 
feet  per  second  0. 
inches  25 . 
miles  (U.  S.  statute)  1. 
pounds  (mass)  0. 
square  miles  (U.  S.  statute)  2. 


02831685 

cubic  metres  per  second 

7645549 

cubic  metres 

3048 

metres 

189393 

metres  per  kilometre 

3048 

metres  per  second 

4 

millimetres 

609344 

kilometres 

4535924 

kilograms 

589988 

square  kilometres 

Figure  1.  Location  map 
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MAUI.  HAWAII 

Hydraulic  Model  Investigation 


PART  I :  INTRODUCTION 
The  Prototype 


N 


fe, 


1.  The  Kahoma  Stream  channel  improvement  project  (Figure  1)  is 
located  on  the  Island  of  Maui,  the  second  largest  island  in  the  State  of 
Hawaii.  The  drainage  basin  comprises  an  area  of  5.4  square  miles*  with 
the  upper  basin  area  being  mountainous  with  an  average  slope  of  about 
700  ft/mile,  while  the  coastal  area  of  the  drainage  basin  has  a  slope  of 
about  100  ft/mile.  Kahoma  Stream  follows  a  westerly  course  through  the 
northern  part  of  the  town  of  Lahaina,  discharging  into  the  Pacific  Ocean. 

2.  Flood  flows  on  Kahoma  Stream  and  its  tributaries,  Kanaha  and 
Halona  Streams,  are  characterized  by  sharp  rises  resulting  from  concen¬ 
trated  storms  that  produce  rapid  runoff.  Peak  flows  occur  approximately 
an  hour  at  the  end  of  a  heavy  rainfall  then  recede  rapidly,  returning  to 
normal  within  a  few  hours. 

3.  The  proposed  Kahoma  Stream  flood-control  project  will  be  de¬ 
signed  to  accommodate  Standard  Project  Flood  (SPF)  conditions  with  a 
peak  discharge  of  15,200  cfs.  The  proposed  improvements  will  begin  in 
the  Kelawea  residential  area  and  extend  downstream  to  the  Pacific  Ocean 
north  of  Mala  Wharf.  These  improvements  consist  of  a  debris  basin  with 
a  concrete  weir  that  has  a  storage  capacity  of  55,000  cu  yd,  a  concrete- 
lined  trapezoidal  channel  from  the  debris  basin  to  the  Pacific  Ocean, 
and  new  bridges  at  Front  Street,  Honoapiilani  Highway,  and  Cane  Haul 
Road  to  accommodate  the  design  flood. 


*  A  table  of  factors  for  converting  metric  (SI)  units  of  measurement  to 
U.  S.  customary  units  is  presented  on  page  3. 
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Purpose  of  Model  Investigation 


4.  A  model  was  considered  necessary  to  verify  the  adequacy  of  and 
develop  desirable  modifications  to  the  debris  basin  and  weir,  the  high- 
velocity  channel  with  superelevated  curves,  and  the  offshore  area 
immediately  downstream  of  the  high-velocity  channel.  Specifically,  the 
model  study  was  to  determine: 

a.  Flow  conditions  within  the  debris  basin  with  and  without 
debris  conditions  reproduced. 

b.  Flow  conditions  and  water-surface  profiles  throughout  the 
high  velocity  channel  for  simulated  Manning's  n 
roughness  values  of  0.013  and  0.015. 

c.  Flow  conditions  resulting  from  transitions,  expansions, 
and  contractions. 

d.  Optimum  protection  for  the  offshore  area. 


PART  II:  THE  MODEL 


Description 

5.  The  1: 30-scale  model  reproduced  approximately  6,100  ft  of 
Kahoma  Stream  beginning  700  ft  upstream  of  the  proposed  weir  in  the 
debris  basin  and  terminating  in  an  approximately  350-ft-long  by  500-ft- 
wide  offshore  area  (Figure  2a,  Plates  1-3).  Portions  of  the  high- 
velocity  channel  not  requiring  superelevation  were  constructed  of 
plastic-coated  plywood,  while  portions  that  were  superelevated  were 
constructed  of  concrete  with  a  very  smooth  finish.  The  weir  was  con¬ 
structed  of  transparent  plastic  and  the  trashracks  of  copper  tubing 
(Figure  2b,  Plate  A).  The  debris  basin  was  molded  in  sand  and  cement 
mortar  to  sheet-metal  templates  and  the  offshore  area  was  molded  in  sand. 
The  model  was  constructed  with  the  invert  of  the  high-velocity  channel 
adjustable  to  reproduce  various  energy  gradients  equivalent  to  those  re¬ 
sulting  from  different  prototype  Manning's  n  roughness  factors. 

6.  The  coefficient  of  roughness  of  the  model  surface  of  the  high- 
velocity  channel  had  previously  been  determined  to  be  approximately 
0.009  (Manning's  n) .  Basing  similitude  on  the  Froudian  relation,  the 
above  n  value  would  be  equivalent  to  a  prototype  n  of  0.0154.  The 

n  vaxue  used  in  the  design  and  analysis  of  the  prototype  channel  varied 
from  0.013  to  0.015;  therefore,  supplementary  slopes  were  added  to  the 
model  to  correct  for  this  difference  in  the  n  values  of  the  model  and 
prototype. 


Model  Appurtenances 

7.  Water  used  in  the  operation  of  the  model  was  supplied  by  a 
circulating  system.  Discharges  were  measured  by  means  of  venturi  meters 
installed  in  the  flow  lines  and  were  baffled  when  entering  the  model. 
Velocities  were  measured  with  pitot  tubes  that  were  mounted  to  permit 
measurement  of  flow  from  any  direction  and  at  any  depth.  Water-surface 
elevations  were  measured  with  point  gages.  Different  designs,  along 


with  various  flow  conditions,  were  recorded  photographically. 


Scale  Relations 

8.  The  accepted  equations  of  hydraulic  similitude,  based  on  the 
Froudian  criteria,  were  used  to  express  mathematical  relations  between 
the  dimensions  and  hydraulic  quantities  of  the  model  and  prototype. 
General  relations  for  the  transference  of  model  data  to  prototype 
equivalents  are  presented  below: 


m 

Length 

L 

r 

1:30 

• 

Area 

A  =  L2 
r  r 

1:900 

*—• 

» 

Velocity 

V  =l‘/2 
r  r 

1:5.477 

Discharge 

Q  =  P2 
xr  r 

1:4,929.5 

Volume 

V  =  L3 
r  r 

1:27,000 

?  *  •  .  > 

i 

Weight 

W  =  L3 
r  r 

1:27,000 

*v; 

Time 

Tc  =  LV2 

1:5.477 

..  1 

■* 

*  Dimensions  are  in  terms  of  length. 
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Model  measurements  of  discharge,  water-surface  elevations,  and  veloc- 

ities  can  be  transferred  quantitatively  to 

prototype  equivalents  by 

•  ■  •.  *■ 

means  of  the  scale  relations. 

Experimental  data  also  indicate  that  the 

model-to-prototype  scale  ratio  is  valid  for  scaling  stone  in  the  sizes 

1 

used  in  this  investigation. 

Evidences  of  sand  scour  are  considered  only 

• 

qualitatively  reliable,  since 

it  is  not  yet  possible  to  reproduce  quanti- 

tatively  in  a  model  the  resistance  to  erosion  of  fine-grained,  prototype 

bed  material. 
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PART  III:  TESTS  AND  RESULTS 


9.  Tests  were  conducted  to  observe  general  flow  conditions  and 
determine  the  adequacy  of  the  proposed  channel  improvements  for  Kahoma 
Stream  and  the  offshore  area.  The  Manning's  n  roughness  coefficient 
of  the  prototype  channel  could  range  from  0.013  to  0.015  depending  on 
the  quality  of  construction.  Initial  tests  were  conducted  with  the  in¬ 
vert  slopes  of  the  high-velocity  channel  adjusted  to  reproduce  the 
energy  gradient  associated  with  an  n  value  of  0.015. 

Debris  Basin  and  Transition  Immediately  Downstream 
Original  design 

10.  The  proposed  debris  basin  (Plates  1  and  2)  initially  begins 
with  an  invert  width  of  70  ft  at  sta  61+50  which  expands  on  a  very  steep 
slope  to  a  uniform  invert  width  of  120  ft  from  sta  58+00  to  the  weir  at 
sta  55+00.  The  side  slopes  of  the  debris  basin  are  IV  on  2H.  The  weir, 
which  is  120  ft  wide  by  18  ft  high  (el  158.0*),  has  five  slots  with 
trashracks  (Plate  A)  that  are  utilized  during  low-flow  conditions. 
Abutment  walls  are  placed  on  each  side  of  the  weir  from  sta  55+00  to 
sta  54+50.  The  transition  just  downstream  of  the  abutment  walls  begins 
at  sta  54+50  with  an  invert  width  of  120  ft  and  converges  to  an  invert 
width  of  50  ft  at  sta  51+60.71. 

11.  Flow  conditions  with  discharges  ranging  from  2,000  to 
15,200  cfs  (design  discharge)  were  observed  in  the  debris  basin  without 
debris  and  found  to  be  unsatisfactory.  Entrance  conditions  into  the 
debris  basin  along  with  the  invert  expansion  caused  the  majority  of  flow 
to  concentrate  along  one  side  of  the  basin,  which  resulted  in  a  large 
eddy  developing  upstream  of  the  weir  (Photo  1).  Velocities  measured  in 
the  debris  basin  are  shown  in  Plate  5. 

12.  With  the  design  discharge,  significant  cross  waves  developed 


*  All  elevations  (el)  cited  herein  are  in  feet  referred  to  the  National 
Geodetic  Vertical  Datum  (NGVD) . 


in  the  transition  section  (Photo  2)  which  resulted  in  pronounced  super¬ 
elevation  of  the  water  surface  for  several  hundred  feet  downstream  in 
the  high-velocity  channel  as  shown  in  Plates  6  and  7  and  listed  in 
Table  1. 

Alternate  designs 

13.  Tests  of  different  modifications  to  the  weir  and  transition 
section  immediately  downstream  from  the  weir  were  conducted  in  an  effort 
to  reduce  significant  cross  waves  that  developed  in  the  transition  with 
the  design  discharge.  Vertical  walls  varying  2  to  6  ft  in  height  were 
positioned  at  different  locations  in  the  transition  to  prevent  cross 
waves  from  developing,  but  little  improvement  was  observed  with  this 
type  of  modification. 

14.  The  abutment  walls  were  removed  and  the  length  of  weir  was 
increased  to  approximately  192  ft  to  meet  the  lV-on-2H  slopes  of  the 
debris  basin  (type  6  design  weir  and  transition).  With  the  design  dis¬ 
charge,  unsatisfactory  flow  conditions  were  observed  in  the  debris  basin 
and  in  the  transition  section  immediately  downstream. 

15.  Various  sizes  and  arrangements  of  baffle  blocks  were  then 
positioned  on  the  channel  invert  between  sta  54+85  and  52+00  in  an 
attempt  to  improve  flow  conditions  in  the  transition  section.  The  type 
21  design  weir  and  transition  (Plate  8)  eliminated  the  cross  waves  that 
developed  in  the  transition  section,  and  provided  satisfactory  flow 
conditions  in  the  transition  and  downstream  channel.  Water-surface 
profiles  with  the  design  discharge  are  shown  in  Plates  9  and  10.  Cali¬ 
bration  data  showing  the  head  on  the  type  1  and  type  21  design  weirs  for 
various  discharges  are  provided  in  Plate  11. 

16.  The  weir  height  was  increased  1.5  ft  to  el  159.5  (Figure  3, 
type  22  design  weir  and  transition)  to  increase  the  capacity  of  the 
debris  basin.  With  the  additional  weir  height,  satisfactory  flow  condi¬ 
tions  were  still  observed  in  the  transition  and  downstream  channel  as 
shown  in  Photos  3  and  4.  However,  this  design  did  not  improve  flow 
conditions  in  the  debris  basin  (Photo  5). 

17.  Debris  tests  were  conducted  to  determine  the  performance  of 
the  debris  basin  with  the  type  22  design  weir  and  transition. 


Figure  3.  Type  22  design  weir  and  transition 


Approximately  48,000  cu  yd  (prototype)  of  material  was  introduced  at 
sta  61+00  during  an  SPF  hydrograph  (Plate  12).  The  rate  at  which  ma¬ 
terial  was  introduced  into  the  debris  basin  was  varied  according  to  the 
rate  of  change  in  discharge  in  the  SPF  hydrograph.  The  material  used 
for  the  debris  tests  consisted  of  approximately  88  percent  sand  and 
12  percent  stones  which  represented  prototype  material  ranging  from 
sandy  gravel  to  boulders  with  an  average  diameter  of  2  ft.  As  the  de¬ 
bris  basin  filled  with  material,  flow  conditions  improved  significantly. 
The  eddy  condition  that  developed  without  material  present  did  not  de¬ 
velop  when  the  debris  basin  was  full  of  material.  When  the  debris  basin 
was  full  (Photo  6),  the  remaining  portion  of  material  introduced  passed 
through  the  basin  and  high-velocity  channel  into  the  offshore  area. 

Flow  conditions  during  the  debris  test  were  satisfactory  throughout  the 
trapezoidal  channel.  Only  minor  deposits  of  material  were  observed  in 
the  channel  at  the  end  of  the  test. 


18.  Efforts  were  continued  in  developing  a  store  economical  design 
that  would  produce  satisfactory  flow  conditions  downstream  of  the  weir. 
Tests  were  conducted  to  determine  the  hydraulic  performance  of  a  three- 
sided  weir  (type  23  design)  downstream  of  the  debris  basin.  The  type  23 
design  weir  (Plate  13)  consisted  of  a  19.5-ft-high  rectangular-shaped 
weir  formed  by  two  40-ft-long  walls  parallel  to  the  center  line  of  the 
downstream  channel  and  a  connecting  50-ft-long  wall  perpendicular  to 
flow  and  the  channel.  The  transition  section  immediately  downstream  was 
modified  to  a  lV-on-2H  trapezoidal  channel  with  a  50-ft-wide  invert  from 
sta  55+00  to  51+60.71. 

19.  Flow  conditions  with  the  type  23  design  weir  transition  were 
observed  with  discharges  ranging  from  2,000  to  15,200  cfs.  Unsatis¬ 
factory  flow  conditions  were  observed  in  the  debris  basin  with  the  de¬ 
sign  discharge  which  resulted  in  a  large  eddy  developing  upstream  of 
sta  55+00.  Flow  conditions  immediately  downstream  of  the  weir  were  also 
unsatisfactory  with  the  design  discharge,  since  large  cross  waves  were 
present  that  extended  several  hundred  feet  downstream  and  overtopped  the 
trapezoidal  channel  at  several  locations. 

20.  The  weir  was  extended  upstream  10  ft,  and  a  warped  transition 
was  installed  between  sta  55+00  and  53+50  (Photo  7a,  Plate  14)  to  im¬ 
prove  flow  conditions  in  the  downstream  trapezoidal  channel.  This  was 
designated  the  type  24  design  weir  and  transition.  The  cross  waves  were 
reduced  significantly  and  satisfactory  flow  conditions  were  obtained  in 
the  high-velocity  channel  with  the  design  discharge  (Photo  7b).  The  pro¬ 
posed  channel  wall  heights  were  adequate  in  containing  the  50-year  fre¬ 
quency  (6,600  cfs),  100-year  frequency  (8,800  cfs),  and  SPF  (15,200  cfs) 
flows  as  shown  in  Plates  15-20  and  listed  in  Tables  2-4.  No  noticeable 
improvement  in  flow  conditions  in  the  debris  basin  was  observed  with 
this  design  (Photo  8) . 

21.  The  concrete  invert  of  the  debris  basin  was  removed  and  re¬ 
placed  with  various  size  stones  and  sand  to  determine  what  effects  an 
erodible  channel  invert  would  have  on  flow  conditions  in  the  debris 
basin.  During  the  SPF  hydrograph,  a  significant  portion  of  the  channel 
invert  eroded  between  sta  61+00  and  58+50  and  deposited  just  downstream 


of  sta  58+00.  The  scour  and  deposition  of  material  within  the  debris 
basin  resulted  in  significant  improvements  in  flow  conditions  in  the 
debris  basin. 

22.  Debris  tests  were  then  conducted  to  determine  the  performance 
of  the  debris  basin  with  the  erodible  channel  invert  and  the  type  24  de¬ 
sign  weir  and  transition.  The  same  type  of  debris  test  conducted  with 
the  type  22  design  (paragraph  17)  was  conducted  with  this  design.  Satis¬ 
factory  flow  conditions  were  observed  in  the  debris  basin  during  the  SPF 
hydrograph.  When  the  debris  basin  was  full,  the  remaining  portion  of 
material  introduced  passed  through  the  debris  basin  and  high-velocity 
channel  into  the  offshore  area.  Only  minor  deposits  of  material  were 
observed  in  the  channel  at  the  end  of  the  test.  Results  of  the  debris 
test  are  shown  in  Photo  9  and  Plate  21. 

Recommended  design 

23.  Additional  tests  were  conducted  to  determine  the  hydraulic 
performance  of  a  three-sided  weir  with  a  broken-back  or  wedge-type  tran¬ 
sition  (type  25  design)  downstream  of  the  debris  basin.  The  broken-back 
transition  consisted  of  a  rectangular  section  with  18-ft-high  vertical 
walls  at  sta  55+00  which  transitioned  to  a  trapezoidal  section  with 
lV-on-2H  slopes  at  sta  53+50.  A  type  2  trashrack  design  (Plate  22), 
which  reduced  the  opening  between  the  vertical  bars  from  0.5  ft  (type  1 
trashrack  design)  to  0.25  ft  in  order  to  retain  finer  material  was  also 
included  in  the  type  25  design  weir.  Details  of  the  type  25  design  weir 
and  transition  are  shown  in  Photo  10  and  Plate  23. 

24.  The  type  25  design  weir  and  transition  were  initially  tested 
after  a  slope  adjustment  was  made  to  the  high-velocity  channel  to  repro¬ 
duce  the  energy  gradient  for  a  Manning's  n  of  0.013,  as  discussed  in 
paragraph  33  later  in  the  report.  However,  this  slope  adjustment  had 
little  if  any  effect  on  flow  conditions  at  the  weir  and  in  the  transi¬ 
tion.  The  hydraulic  performance  of  the  type  25  design  was  dependent 
upon  flow  conditions  in  the  debris  basin  and  shape  or  configuration  of 
the  weir  and  transition  section. 

25.  With  the  type  25  design,  satisfactory  flow  conditions  were 
observed  in  the  transition  for  discharges  ranging  from  500  to  15,200  cfs 
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with  only  mild  cross  waves  present  with  the  higher  discharges.  Flow 
conditions  with  the  warped  transition  (type  24  design)  previously  tested 
did  provide  slightly  better  flow  conditions  in  the  transition  section  as 
compared  with  the  type  25  design.  However,  the  type  25  design  did  pro¬ 
vide  satisfactory  results  and  is  more  economical  to  construct;  therefore 
it  is  recommended  for  the  prototype.  Flow  conditions  with  the  type  25 
design  transition  with  discharges  of  6,600  cfs  (50-year  frequency), 

8,800  cfs  (100-year  frequency),  and  15,200  cfs  (SPF)  are  shown  in 
Photo  10.  Velocities  measured  in  the  debris  basin  are  provided  in 
Plate  24.  Calibration  data  showing  the  head  on  the  type  25  weir  for 
various  discharges  are  presented  in  Plate  25. 


High-Velocity  Channel 

26.  The  high-velocity  channel  consists  of  a  trapezoidal  channel 
with  lV-on-2H  side  slopes  and  an  invert  width  of  50  ft,  except  in  the 
vicinity  of  the  Cane  Haul  Road,  Honoapiilani  Highway,  and  Front  Street 
Bridges,  where  the  invert  widths  vary  up  to  70  ft. 

Manning's  n  of  0.015 

27.  Flow  conditions  in  the  reach  of  channel  just  downstream  of 
the  transition  (sta  49+00)  to  the  Cane  Haul  Road  Bridge  (sta  29+50) 
were  generally  satisfactory  for  the  full  range  of  discharges  tested. 

The  channel  heights  in  this  reach  were  adequate  to  contain  design  flood 
conditions  (Photos  11  and  12,  Plates  6  and  7).  It  should  be  noted  in 
these  photographs  that  the  wall  heights  in  the  model  are  higher  than 
those  proposed  for  the  prototype. 

28.  Unsatisfactory  flow  conditions  were  observed  in  the  original 
transition  design  (type  1)  under  the  Cane  Haul  Road,  Honoapiilani  High¬ 
way,  and  Front  Street  Bridges  (Photos  13-15)  with  the  design  discharge. 
The  type  1  design  transition  caused  cross  waves  to  develop  that  raised 
the  water  surface  immediately  downstream  from  each  transition  section 
(Photos  16-18).  Water-surface  profiles  for  this  portion  of  the  high- 
velocity  channel  are  shown  in  Plates  6  and  7.  Velocities  measured  at 
Front  Street  Bridge  (Plate  26)  were  a  further  indication  of 


unsymmetrical  flow  conditions  present  in  the  transition. 

29.  Modifications  to  the  bridge  transitions  were  tested  to  im¬ 
prove  flow  conditions  under  the  bridges  and  in  the  trapezoidal  channel 
immediately  downstream.  Several  broken-back  transition  designs  were 
tested  and  found  to  be  inadequate  in  providing  satisfactory  flow  condi¬ 
tions  in  the  bridge  transition  sections.  The  high  velocity  caused  cross 
waves  to  develop  in  these  transitions  that  extended  several  hundred  feet 
downstream  in  the  channel. 

30.  A  warped-surface  transition  design  (type  5  design  bridge 
transition,  Plate  27)  was  then  tested  and  found  to  provide  satisfactory 
flow  conditions  under  the  bridge  and  in  the  downstream  channel  for  the 
full  range  of  expected  discharges.  The  warped  transition  significantly 
reduced  the  cross  waves  under  the  bridge  and  in  the  trapezoidal  channel. 
Flow  conditions  in  the  channel  with  the  type  5  design  bridge  transition 
are  shown  in  Photo  19. 

31.  Tests  were  conducted  to  determine  the  effects  of  reducing  the 
70-ft-wide  Front  Street  Bridge  opening  to  50  and  60  ft  for  the  full 
range  of  discharges.  The  invert  width  was  initially  reduced  to  50  ft  to 
determine  the  effects  on  flow  conditions  with  the  design  discharge.  Un¬ 
satisfactory  flow  conditions  were  observed  under  the  Front  Street  Bridge. 
Water-surface  profiles  indicated  that  the  reduction  in  width  restricted 
flow  sufficiently  to  cause  overtopping  of  the  wall  heights  and  bridge. 

32.  Tests  were  then  conducted  with  the  invert  width  increased  to 
60  ft.  Satisfactory  flow  conditions  were  observed  throughout  the  tran¬ 
sition  sections  (Photo  20)  and  the  proposed  wall  heights  contained  the 
design  flood.  Fairly  uniform  velocity  distribution  was  also  observed 
throughout  this  reach  of  channel.  A  comparison  of  water-surface  pro¬ 
files  (Plate  28)  and  velocities  (Plates  29-31)  with  the  50- ,  60-  and 
70-ft  widths  indicated  that  the  60-ft  width  provided  the  best  flow  con¬ 
ditions  throughout  the  transition  section  and  therefore  is  the  recom¬ 
mended  design. 

Manning's  n  of  0.013 

33.  The  slopes  of  the  model  downstream  from  sta  55+00  were  ad¬ 
justed  to  reproduce  the  energy  gradient  to  be  expected  with  the  value  of 
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Hanning's  n  roughness  coefficient  of  0.013. 

34.  The  type  24  design  weir  and  transition  and  the  60-ft-wide 
type  5  design  bridge  transitions  were  installed  in  the  model  after  the 
slope  adjustment.  Water-surface  profiles  recorded  for  a  discharge  of 
15,200  cfs  (Table  5,  Plates  32  and  33)  indicated  an  increase  in  surface 
waves  in  some  areas  of  the  high-velocity  channel  when  compared  with 
those  measured  with  a  slope  simulating  a  Hanning's  n  roughness  value 
of  0.015  (compare  with  Table  4  and  Plates  19  and  20).  This  occurred  be¬ 
cause  the  decrease  in  channel  roughness  increased  the  velocities  and 
magnified  the  heights  of  standing  waves  throughout  the  trapezoidal 
channel.  However,  flow  conditions  were  still  satisfactory  throughout 
the  proposed  high-velocity  channel  as  shown  in  Photos  21-25. 

Increased  channel  roughness 
(sta  4+50  to  0+85) _ 

35.  Additional  roughness  was  placed  on  the  channel  invert  between 
sta  4+50  and  0+85  to  simulate  a  50  percent  coverage  of  6-in. -high  stones 
proposed  for  the  prototype  channel  invert  for  aesthetic  reasons 

(Photo  26).  Flow  conditions  observed  in  the  channel  were  satisfactory 
for  the  full  range  of  discharges.  However,  water-surface  elevations 
were  increased  as  expected,  and  the  wall  heights  would  have  to  be  raised 
to  contain  the  design  discharge.  Water-surface  profiles  measured  in 
this  area  with  discharges  of  8,800  cfs  and  15,200  cfs  are  shown  in 
Plate  34. 

36.  Due  to  the  increased  water-surface  elevations  and  right-of- 
way  problems  downstream  of  Front  Street  Bridge,  the  right  slope  could 
not  be  extended  to  a  higher  elevation.  Therefore,  tests  were  conducted 
to  determine  the  effects  of  modifications  to  the  right  side  of  the 
trapezoidal  channel.  The  modifications  involved  extending  the  warped 
surface  transition  35  ft  downstream  and  positioning  a  vertical  wall  on 
the  lV-on-2H  slope  (Photo  27,  Plate  35) • 

37.  Satisfactory  flow  conditions  were  observed  in  the  modified 
trapezoidal  channel  for  discharges  ranging  up  to  15,200  cfs.  Photo¬ 
graphs  of  flow  conditions  in  this  reach  of  channel  are  shown  in  Photo  27. 

38.  Additional  tests  were  conducted  in  the  modified  trapezoidal 


channel  to  determine  what  effects  positioning  the  vertical  wall  on  the 
right  slope  closer  to  the  center  line  of  the  channel  would  have  on  off¬ 
shore  flow  conditions.  Test  results  indicated  that  the  vertical  wall 
could  be  positioned  40  ft  to  the  right  of  the  center  line  without  having 
any  significant  effect  on  offshore  flow  conditions.  However,  the  loca¬ 
tion  of  the  vertical  wall  as  shown  in  Plate  35  will  be  provided  in  the 
recommended  design. 


Offshore  Area 


39.  Tests  were  conducted  to  develop  a  plan  of  protection  at  the 
downstream  end  of  the  high-velocity  channel  in  the  offshore  area 
(Photo  28) .  Initial  measurements  were  made  to  determine  the  areas  of 
scour  and  deposition  without  any  protection  immediately  downstream  of 
the  channel.  During  an  SPF  hydrograph  test,  a  large  scour  hole  devel¬ 
oped  just  downstream  of  the  channel  and  a  considerable  amount  of  deposi¬ 
tion  occurred  between  the  two  rock  groins.  Also,  during  the  hydrograph 
a  small  eddy  developed  between  the  channel  and  smaller  rock  groin  which 
caused  significant  erosion  along  the  left  bank.  Cross  sections  of  the 
scour  in  this  area  are  shown  in  Plate  36.  These  are  only  qualitatively 
reliable  and,  therefore,  cannot  be  used  to  predict  exact  prototype 
depths  of  scour  and  deposition;  however,  data  can  be  used  to  determine 
the  relative  merits  of  various  designs. 

40.  The  trapezoidal  channel  was  extended  various  distances  down¬ 
stream  from  sta  1+20  to  determine  what  effect  this  would  have  on  the 
scour  and  deposition  pattern  offshore.  Different  sizes  of  grouted  rip¬ 
rap  sections  were  also  positioned  immediately  downstream  of  the  channel 
to  provide  additional  protection  to  the  offshore  area.  Test  results  in¬ 
dicated  that  the  trapezoidal  section  should  be  extended  35  ft  to 

sta  0+85  and  a  grouted  riprap  section  (4,500-lb  stones)  100  ft  wide  by 
70  ft  long  with  a  cutoff  wall  placed  downstream  (Photo  29,  Plate  35)  to 
provide  adequate  protection  for  the  offshore  area.  During  an  SPF  hydro¬ 
graph  with  this  design,  minimal  deposition  occurred  between  the  two  rock 
groins  and  the  erosion  along  the  left  bank  was  reduced.  Some  scour  did 


18 


occur  near  the  cutoff  wall  surrounding  the  grouted  riprap  section,  as 
was  expected.  The  offshore  area  after  an  SPF  hydrograph  test  is  shown 
in  Photo  30.  The  increased  roughness  added  to  the  channel  invert  pre¬ 
viously  discussed  in  paragraph  35  had  little  effect  on  the  scour  and 
deposition  pattern  in  the  offshore  area. 

Recommended  Design 


41.  The  overall  recommended  design  determined  from  test  results 
incorporates  into  the  original  proposed  design  the  type  25  design  weir 
and  transition,  the  type  5  design  bridge  transition  with  a  60-ft-wide 
invert,  the  modified  trapezoidal  channel  with  6-in. -high  stones  on  the 
channel  invert  downstream  of  sta  4+50,  the  channel  extension  to  sta  0+85 
and  the  boulder  concrete  section  immediately  downstream  of  the  high- 
velocity  channel.  Water-surface  profiles  with  tl*e  recommended  design 
with  discharges  of  6,600,  8,800,  and  15,200  cfs  are  shown  in  Plates  37- 
42  and  listed  in  Tables  6-8.  Velocities  measured  in  the  trapezoidal 
channel  with  the  design  discharge  are  provided  in  Plate  43.  Cross 
sections  of  the  offshore  area  after  hydrographs  with  peak  discharges 
of  6,600,  8,800,  and  15,200  cfs  were  also  recorded  and  are  shown  in 
Plate  44. 


PART  IV:  DISCUSSION  OF  RESULTS 


42.  Tests  to  determine  the  adequacy  of  channel  improvements  for 
Kahoma  Stream  indicated  that  the  original  design  with  certain  modifica¬ 
tions  would  effectively  contain  design  flood  conditions. 

43.  Entrance  conditions  into  the  debris  basin  along  with  the  in¬ 
vert  expansion  caused  flow  to  concentrate  on  one  side  of  the  basin  when 
the  basin  was  void  of  debris,  resulting  in  a  large  eddy  in  the  basin  and 
unsymmetrical  flow  at  the  weir.  Also,  large  cross  waves  were  present  in 
the  transition  section  just  downstream  of  the  weir  that  resulted  in  pro¬ 
nounced  superelevation  of  the  water  surface  several  hundred  feet  down¬ 
stream  in  the  trapezoidal  channel.  By  extending  the  weir  length  to 

the  side  slopes  of  the  debris  basin,  and  placing  baffle  blocks  on  the 
channel  invert  in  the  transition  (type  21  design  weir  and  transition), 
significantly  improved  flow  conditions  were  obtained  downstream  of  the 
weir.  The  water-surface  elevations  increased  in  the  transition  due  to 
the  baffle  blocks;  but  the  cross  waves  did  not  develop,  resulting  in 
satisfactory  flow  conditions  in  the  transition.  Little  improvement  in 
flow  conditions  was  observed  in  the  debris  basin.  However,  flow  condi¬ 
tions  were  satisfactory  when  debris  was  introduced  into  the  model  during 
an  SPF  hydrograph.  Since  debris  will  be  present  in  the  prototype  during 
these  high  flows,  the  unequal  distribution  of  flow  should  not  be  a 
problem . 

44.  Although  the  type  21  design  weir  and  transition  performed 
satisfactorily,  a  three-sided  weir  with  a  broken-back  or  wedge-type 
transition  immediately  downstream  (type  25  design  weir  and  transition) 
was  tested  and  found  to  provide  satisfactory  flow  conditions  downstream 
from  the  weir  for  the  full  range  of  expected  discharges.  This  design 
eliminated  the  use  of  baffle  blocks  in  the  channel,  maintained  a  50-ft- 
wide  channel  invert  throughout  the  transition,  and  would  be  more  eco¬ 
nomical  to  construct  and  maintain  than  the  type  21  design  weir  and 
transition.  Therefore,  the  type  25  design  weir  and  transition  is  recom¬ 
mended  for  construction  in  the  prototype.  Flow  conditions  did  not 
improve  in  the  debris  basin  with  the  type  25  design. 
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45.  When  debris  was  introduced  into  the  model  during  an  SPF 
hydrograph,  most  of  the  debris  was  trapped  in  the  basin,  indicating  that 
the  basin  functioned  satisfactorily  for  any  of  the  basin  designs  so 
tested.  Host  of  the  small  amount  of  debris  that  was  not  trapped  in  the 
basin  passed  through  the  high-velocity  channel  into  the  offshore  area 
with  only  minor  deposits  of  material  in  the  downstream  portion  of  the 
channel.  These  deposits  were  insignificant  and  had  no  effect  on  flow 

in  the  channel. 

46.  It  was  anticipated  that  the  Manning's  n  roughness  coeffi¬ 
cient  of  the  prototype  concrete-lined  channel  could  range  from  0.013  to 
0.015,  depending  on  the  quality  of  construction.  Water-surface  eleva¬ 
tions  would  be  slightly  higher  with  the  large  n  value,  and  flow  veloc¬ 
ities  and  waves  created  by  disturbances  would  be  slightly  higher  with 
the  smaller  n  value.  Thus,  tests  were  conducted  with  the  slopes  of 
the  high-velocity  channel  adjusted  to  simulate  the  energy  gradient  re¬ 
sulting  from  both  of  the  n  values. 

47.  Flow  conditions  were  satisfactory  in  the  original  design 
high-velocity  channel  from  the  debris  basin  weir  to  the  bridge  transi¬ 
tion  at  Cane  Haul  Road.  The  channel  heights  were  adequate  to  contain 
the  design  flow  in  this  reach.  However,  all  of  the  bridge  transitions 
as  originally  designed  caused  cross  waves  to  develop  which  raised  the 
water  surface  immediately  downstream  from  each  bridge.  In  some  reaches 
of  the  channel  the  water  surface  exceeded  the  channel  height. 

48.  Since  a  broken-back  or  wedge- type  transition  with  straight 
line  forming  would  be  less  expensive  to  construct  in  the  prototype  than 
a  warped  transition,  several  modified  versions  of  this  type  of  transi¬ 
tion  were  tested  in  an  effort  to  reduce  the  cross  waves.  None  of  these 
designs  were  successful.  A  warped-surface  transition  was  developed  that 
greatly  reduced  the  cross  waves  under  each  bridge  and  in  the  trapezoidal 
channel.  Thus,  it  is  recommended  that  all  of  the  prototype  bridge  tran¬ 
sitions  have  warped  surfaces. 

49.  Since  the  base  width  of  the  trapezoidal  channel  was  50  ft, 
tests  were  conducted  to  determine  if  the  invert  width  at  the  bridge 
openings  could  be  reduced  to  50  ft.  However,  this  opening  was  too  small 


and  flow  overtopped  the  bridge  and  walls.  Based  on  test  results,  it  is 
recommended  that  all  of  the  bridge  openings  be  60  ft  wide. 

50.  Additional  roughness  placed  on  the  channel  invert  downstream 
from  Front  Street  Bridge,  which  simulated  50  percent  coverage  of  6-in.- 
high  stones  proposed  for  the  prototype,  increased  water-surface  eleva¬ 
tions  as  expected.  Flow  conditions  were  satisfactory,  but  the  increase 
in  water-surface  elevations  exceeded  the  channel  heights.  Extending  the 
left  slope  to  a  higher  elevation  and  placing  a  vertical  wall  on  the 
right  slope  contained  the  increased  water-surface  elevations,  thus  pro¬ 
viding  adequate  protection  for  the  reach  of  channel  downstream  of  Front 
Street  Bridge. 

51.  By  using  water-surface  elevations  measured  in  the  model  with 
the  recommended  improvements  installed  and  both  n  values  simulated, 
the  required  heights  of  the  prototype  channel  can  be  determined. 

52.  During  an  SPF  hydrograph  test  of  the  original  design  offshore 
area,  a  large  scour  hole  developed  just  downstream  of  the  channel  and  a 
considerable  amount  of  deposition  occurred  between  the  two  rock  groins. 
By  extending  the  trapezoidal  section  35  ft  downstream  and  placing  a 
boulder  concrete  section  100  ft  wide  by  70  ft  long  at  the  end  of  the 
channel,  minimal  deposition  occurred  between  the  two  rock  groins  and 
the  erosion  along  the  left  bank  was  reduced.  This  design  provided 
adequate  protection  for  the  offshore  area  and  is  recommended  for  use 

in  the  prototype. 
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Sides  of  channel  are  referenced  to  downstream  direction 
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Note:  Sides  of  channel  are  referenced  to  downstream  direction 
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Mote:  Sides  of  channel  are  referenced  to  downstream  direction. 
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Looking  downstream  at  cross  waves  in  the  transition  section 
discharge  15,200  cfs 

Photo  2.  Type  1  design  weir  and  transition 


b.  Discharge  15,200  cfs,  confetti  accents  surface  flow  patterns; 
exposure  time  16  sec  (prototype) 

Photo  5.  Flow  conditions  in  the  debris  basin  with  the  type  22 
design  weir  and  transition 


Photo  6.  Debris  basin  after  debris  test  during  SPF  hydrograph 
with  the  type  22  weir  and  transition  design 


patte 


VI 


b.  Discharge  15,200  cfs,  n  =  0.015 

Photo  13.  Cane  Haul  Road  Bridge  with  type  1  design  bridge 
transition  between  sta  28+48.91  and  26+00 


mis 


b.  Discharge  15,200  cfs 
■velocity  channel  between  sta  26+00  and  18+00 


b.  Discharge  15,200  cfs,  n  =  0.015 
High-velocity  channel  between  sta  4+50  and  1+20 


a.  At  Cane  Haul  Road  Bridge  between  sta  28+48.91  and  26+00 


.  Between  sta  26+00  and 
18+00 


Photo  19.  Flow  conditions  with  the  type  5  design  bridge  transition 
installed;  discharge  15,200  cfs,  n  =  0.015  (Sheet  1  of  3) 


At  Honoapiilani  Highway  Bridge  between  sta  18+00  and  15+32.91 


Between  sta  15+32.91  and 
7+23.61 


Photo  19.  (Sheet  2  of  3) 


ischa 


conditions  in  the 


Photo  23.  Looking  downstream  from  sta  29+00  at  flow  conditions 
in  the  high-velocity  channel;  n  =  0.013 


Looking  downstream  from  sta  18+50  at  flow  conditions 
in  the  high-velocity  channel;  n  =  0.013 


Photo  25.  Looking  downstream  from  sta  7+75  at  flow  conditions 
in  the  high-velocity  channel;  n  =  0.013 


Photo  27.  (Sheet  2  of  2) 


a.  Looking  downstream 


b.  booking  upstream 

Photo  30.  Offshore  area  after  SPF  hydrograph 


PLAN  VIEW 


STA  45+00  TO  1+20 


CC  z  O  o 

Q-Oo? 

—  o  “2 
m  in  m  ” 
rr  iu  m  o  m 
O  o  -  t-  5 

<  _  g  ?° 

(E  in  5  Sc 

W  £  g  » 

QC  5 


_J  Ui 
! 

&»* 

S«" 


Ui  ft  cc 

S§  “s? 

■J  O  u  5  u 

Z  -i  ®  U 


OAON  1 J  4 NOIXVA313 


PLATE  7 


TOP  OF  RIGHT  SLOPE 


PLATE  9 


=  0  015 


WEIR  ELEVATION  158.0  FT 


STANDARD  PROJECT 
FLOOD  HYDROGRAPH 


TYPE  23  DESIGN 
WEIR  AND  TRANSITION 


TYPE  24  DESIGN  WEIR 
AND  TRANSITION 


TOP  OF  RIGHT  SLO^F 


TOP  OF  RIGHT  SLOPE 


TOP  OF  RIGHT  SLOPS 


LEGEND 

-  TOPOGRAPHY  BEFORE  SPF  HYOROGRAPH 

- TOPOGRAPHY  AFTER  SPF  HYOROGRAPH 

CROSS  SECTIONS 

RESULTS  OF  DEBRIS  TEST 
DURING  SPF  HYDROGRAPH 
TYPE  24  DESIGN  WEIR 


PLATE  21 


TYPE  25  DESIGN 
WEIR  AND  TRANSITION 
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PLATE  24 
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WEIR  ELEVATION  159.5  FT 


STATION  4+50 


STATION  6+00 


STATION  7  +  24 


ELEVATION  (LOOKING  DOWNSTREAM) 


NOTE:  VELOCITIES  ARE  IN  PROTOTYPE 
FEET  PER  SECOND. 


ISOVELS 

FRONT  STREET  BRIDGE 
TYPE  1  BRIDGE  TRANSITION 
DISCHARGE  15,200  CFS 
n  =  0.015 


PLATE  26 


BRIDGE  TRANSITION 


MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS- 1963-A 
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PLATE  31 


210 


PLATE  32 


PLATE  33 
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PLATE  35 


VERTICAL  WALL  AND 
TRANSITION  MODIFICATION 


VELOCITY  CHANNEL 


PLATE  37 


PLATE  38 


DISCH 


0.6  DEPTH  ABOVE  INVERT 
n  <0.013 


In  accordance  with  letter  froa  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsimile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a  facsimile  catalog 
card  in  Library  of  Congress  MARC  format  is  reproduced 
below. 


George,  John  F. 

Kahoma  Stream  Channel  Imp  rove  Bent  Project,  Maui, 

Hawaii  :  Hydraulic  Model  Investigation  /  by  John  F. 

George  (Hydraulics  Laboratory,  U.S.  Any  Engineer 
Waterways  Experiment  Station).  —  Vicksburg,  Miss.  : 

The  Station  ;  Springfield,  Va.  ;  available  from  NTIS,  1982. 

65  p.  in  various  pagings,  44  p.  of  plates  :  ill.  ; 

27  cm.  --  (Technical  report  ;  Hl-82-19) 

Cover  title. 

"August  1982." 

Final  report. 

"Prepared  for  U.S.  Army  Engineer  Division,  Pacific 
Ocean." 

1.  Channels  (Hydraulic  engineering).  2.  Hydraulic 
models.  3.  Kahoma  Stream  (Hawaii).  4.  Rivers. 

I.  United  States.  Army.  Corps  of  Engineers.  Pacific 
Ocean  Division.  II.  U.S.  Army  Engineer  Waterways 
Experiment  Station.  Hydraulics  Laboratory.  III.  Title 


George,  John  F. 

Kahoma  Stream  Channel  Improvement  Project:  ...  1982. 

(Card  2) 


IV.  Series:  Technical  report  (U.S.  Army  Engineer 
Waterways  Experiment  Station)  ;  HL-82-19. 

TA7.W34  no. HL-82-19 


